Purpose Ocular blast injuries in the military setting are particularly associated with significant maxillofacial trauma and/or brain injury. The opportunity to perform a comprehensive ophthalmic evaluation is frequently limited in the acute multiple trauma scenario. We aim to describe the relationship between the clinical effects of acute ocular and orbital blast trauma with the findings on computerised tomography (CT). Methods This was a retrospective consecutive case series of all soldiers with facial and/or suspected ocular injuries. A total of 80 eyes that had suffered blast injuries of varying severity were studied. Assessment of orbital and ocular CT images were performed by military consultant radiologists. A comparison was made with actual clinical findings. Statistical analysis was performed using Fisher's exact test.
Introduction
Ocular trauma is one of the leading causes of visual loss in the working age population. 1, 2 It often affects young individuals and often causes permanent visual loss, with significant social and economic consequences. 3 In the military setting, approximately 10% of war injuries with major trauma have eye injuries that are bilateral in 15-25% of cases. 4, 5 Ocular blast injuries are particularly associated with significant maxillofacial trauma and/or brain injury. 6 Secondary blast injuries are the most common type of ocular blast injury, occurring iñ 42% of cases. This type of injury is from the impact of shrapnel from the explosive device itself or from exogenous debris propelled by the explosion. 7 The opportunity to perform a comprehensive ophthalmic clinical evaluation is frequently limited in the acute multiple trauma scenario, as the patient is often in an intensive care unit bed, or anaesthetised. Ocular imaging has a major role in collecting clinical data, especially in the unconscious patient. A plain skull X-ray is performed to screen for cranial and facial fractures and will visualise radio-opaque foreign bodies. Computerised tomography (CT) scans are excellent at detection and localization of orbital and intraocular foreign bodies (IOFBs). 8 Compared with other imaging modalities, it has also been found to be superior in detection of vitreous haemorrhage and lens dislocation. 9 A CT scan will often diagnose other unsuspected intracranial and facial injuries. Ocular injury findings on CT correlate well with clinical findings. 10 Other ancillary investigations include B-scan ultrasonography; an easy, cost-effective alternative to CT for the assessment of eye injuries. Ophthalmologists and emergency physicians can readily interpret the results of a B-scan. It has been shown to be superior to CT scanning in diagnosing retinal and choroidal detachments. 11 It is particularly useful when ocular examination is obscured by opaque media. Care should be taken not to put pressure on the eye when examining a suspected ocular penetrating injury or globe rupture with an ultrasound probe.
Magnetic resonance imaging is contraindicated if there is any possibility of a ferromagnetic IOFB. Ferromagnetic foreign bodies produce large amounts of artifact that prevent meaningful images from being captured. The magnetic flux may cause them to move within the eye and cause further intraocular damage. 12 Ocular trauma scoring systems such as the Ocular Trauma Score 13 and the classification and regression tree (CART) 14 have been developed to predict visual outcome and prioritise ocular management within a multisystem trauma patient. These scoring systems include features often identifiable from CT scanning such as the presence of globe rupture, perforating injury, retinal detachment and the presence of an intraocular foreign body. Mechanism of injury, extent of initial damage and initial visual acuity are the most important factors in predicting visual outcome. 15 Patients that have a poor visual outcome or those requiring enucleation surgery have more CT findings. 16 By defining the accuracy of CT imaging in eye trauma cases, it may be possible to diagnose certain ocular injuries and predict the visual prognosis without clinical examination, using current scoring systems. This has application in both civilian and combat blast injury scenarios and may help the ophthalmologist contribute to the multidisciplinary management strategy when it is impossible to physically examine the patient. CT scanning is relatively widespread in its availability compared to specialist ophthalmological services and the scans could be used to inform the telemedical management of injured patients in remote settings. This could potentially save valuable time and resources in ensuring that the patient has appropriate initial treatment and medical transportation. We aim to describe the relationship between the clinical effects of acute ocular and orbital blast trauma with the findings on CT.
Materials and methods
This was a retrospective consecutive case series of all soldiers with facial and/or suspected ocular injuries due to explosive blast suffered on active duty in Afghanistan. These patients often had complex multisystem trauma. A CT scan was performed before clinical examination of the eyes by an ophthalmologist. A total of 40 male patients satisfying the criteria were admitted to Birmingham Hospitals between 2005 and 2009. A total of 80 eyes that had been exposed to explosive blast were studied.
Data collection included findings on emergency CT scanning performed as part of the preliminary investigation. The scans were performed on a Philips 16 slice but operating as a 6 slice to allow for redundancy on operations. The scans were 2 mm slices reconstructed every 1 mm. Bone, brain, and soft tissue algorithms were used that allowed for more accurate assessment of the orbital walls and soft tissue contents as well as better delineation of foreign bodies. Assessment of orbital and ocular CT images was performed by military consultant radiologists at the Royal Centre for Defence Medicine, Birmingham. The assessment was performed systematically progressing from anterior to posterior looking for external soft tissue changes first, then assessing the anterior chamber, position of the lens, globe and posterior segment, bony orbit, foreign bodies, ocular vessels, and optic nerve as suggested by Kubal. 17 Statistical analysis was performed using Fisher's exact test.
Results
Of 40 study patients, 11 had unilateral and 16 bilateral injuries reported after orbital and ocular CT scan imaging. No pathological findings were reported in 37 of the 80 eyes and adnexae. Where no pathological findings were reported, the eyes and adnexae were all found to be either intact; or had relatively minor closed globe injuries that did not require surgical intervention, such as corneal abrasion or hyphaema. With respect to the utility of CT scanning in the detection of injury requiring surgical intervention the 95% confidence interval for the positive predictive value of a normal CT result was 0.92-1.0. The negative predictive value 95% confidence interval was 0.91-1.0.
All foreign bodies were successfully diagnosed by CT scanning. Extraocular foreign bodies were found in 3 out of 80 eyes (4%), an example of which can be seen in Figure 1 showing a 1.5 mm metallic corneal foreign body, confirmed on subsequent clinical examination. Fourteen (17.5%) had intraocular foreign bodies (IOFB). All 18 penetrating injuries (22.5%) were diagnosed on CT, though 4 eyes did not have direct CT imaging evidence of a corneal or scleral (eyewall) defect, or a collapsed globe; but indirect evidence of globe penetration, including intraocular air and intraocular foreign bodies.
Intraocular air was present in 8 of 14 eyes with an IOFB (57%); the relative risk for intraocular foreign body when air was present was 12 (95% CI 5.58 to 25.82). Of the 18 eyes with a corneal or scleral defect, 12 (66.7%) had intraocular air present on CT scan, and 6 (33.3%) did not. Figure 2 shows a 2.4 mm metallic IOFB with orbital
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intraconal air. As well as the IOFB, a further 2 mm intraorbital foreign body was reported close to the optic nerve in the optic canal. Clinically, the IOFB was confirmed, but the orbital foreign body was never identified, though subsequently there was severe traumatic optic neuropathy. Figure 3 shows anterior and posterior segment intraocular air; this patient had a 1.5 mm IOFB reported. Clinically, there was a penetrating eye injury including a corneal (eyewall) penetrating injury, traumatic lens injury with cataract and an IOFB. Absence of an orbital fracture did not rule out a globe injury. Nine eyes (11%) had orbital fractures of which three had corneal or scleral defects (Fisher's exact test P = 0.48); but a corneal or scleral defect was less likely when an orbital fracture was absent (negative predictive value 87%). Figure 4 shows an example of a medial orbital and floor fracture. On examination, this patient had a scleral laceration on the same side. There was restriction of the ocular movements. Figure 5 shows a blood filled globe from a facial gunshot injury, with an open-globe injury, either an eyewall rupture or penetrating injury and a lateral orbital wall fracture. This picture was confirmed clinically. 

Discussion
Management of patients with multisystem explosive blast injuries is often extremely challenging and requires a thorough and rapid assessment that directs prioritisation and logical ordering of clinical interventions. From our findings, a preliminary CT scan can give us clinically useful information especially when there is a lack of ophthalmic equipment or facilities.
Even relatively noticeable clinical findings such as traumatic enucleation can be difficult in these circumstances but clearly evident on CT imaging. The CT scan should include axial and coronal plane images with both soft tissue and bone windows. Our data suggest that an eye, which is intact on CT scan, is likely not to have a penetrating injury and immediate surgical intervention is probably not required. However, it is possible for there to be an eyewall defect that is undetected by CT scan. In our study 4/18 (22%) had no CT evidence of an eyewall defect, though the rupture was inferred from secondary intraocular signs. Although a thorough clinical examination should not be omitted in the presence of a normal CT scan, it is likely that the globe is intact.
From our results, the presence of intraocular air on CT imaging is highly suggestive of serious injury. Intraocular air is also significant in cases where aeromedical evacuation is planned, depending on the initial altitude of the patient. Intraocular air depressurised to a normal cabin altitude pressure of 6-8000 ft from sea level, will expand by approximately 20-25%. If there is sufficient gas in a closed eye, considered to be greater than 10% of the vitreous cavity volume, this can cause an acute rise in intraocular pressure. If the eye has an open wound and sufficient gas, the expansion has the potential to cause intraocular tissue extrusion. 18 Where significant quantities of intraocular air have been diagnosed on CT scan aeromedical transfer at ground level cabin altitude pressure should be considered.
The eye is a delicate structure prone to injury that requires urgent repair if breached and is structure that is difficult to assess thoroughly in the unconscious or distressed patient, especially when there is injury causing swelling to the surrounding structures. In this situation it is invaluable to be able to make a relatively confident prediction of clinical findings and decide upon the necessity for acute ophthalmic surgical intervention from the results of imaging.
Studies have suggested that early IOFB removal reduces the risk of endophthalmitis. 19 In contrast to this, it has been shown that there is no significant increase in risk of endophthalmitis in IOFB cases if treated early with a combination of broad-spectrum systemic and topical antibiotics with possible primary wound repair. In multiple injury cases, surgical delay is likely. Delayed IOFB removal has not been found to have a detrimental effect on visual outcome with early use of antibiotic treatment. 20, 21 Therefore early suspicion and detection with CT scanning potentially reduces the risk of endophthalmitis. The routine use of antibiotics in orbital fractures is controversial. The fear is of developing orbital cellulitis. Fractures adjacent to an infected sinus and nose blowing increase the risk of developing orbital cellulitis and potentially intracranial infection. Prophylactic antibiotics are advisable if adjacent sinusitis is present. 22 Our findings are similar to those found in previous studies. In the absence of clinical information, CT imaging sensitivity and specificity has been reported as 75% and 93%, respectively, for the prediction of open-globe injury. 16 Literature searches show that there is an agreement that CT scanning is the gold standard for imaging in the majority of trauma cases. 23 Kim et al 24 looked into the change of anterior chamber depth found on CT to aid in detecting an open-globe injury. This was found to be a helpful diagnostic criterion with a reported sensitivity of 92%, specificity of 85%, and diagnostic accuracy of 89%. CT is useful in determining the size and location of a foreign body enabling the surgeon to plan the least traumatic method of removal. This is not possible with other imaging modalities. The main concern of CT scanning is exposure to ionizing radiation. Radiation exposure from CT is higher than that from standard X-ray procedures, typically in a trauma scan. The increase in cancer risk from one CT scan is said to be small. The greater risk is that of inducing early cataracts, as the lens is much more radiosensitive than most other tissues. Many studies have shown an increased incidence of radiation-induced cataract amongst workers in radiologic departments and those that have undergone repeated CT scans. 25 However, the clinical indication of performing a CT scan in this scenario outweighs the associated risks. 
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It can be agreed that CT scans do not replace but complement clinical findings. Although our results reflect that CT images can provide us with reliable information, it cannot be solely relied upon for diagnosis in all openglobe injuries. Not all open-globe injuries will result in a foreign body or air detectable on CT; an open-globe injury may still be present even with negative CT findings. However, in the context that we describe CT imaging is particularly useful.
Summary
What was known before K The opportunity to perform a comprehensive ophthalmic clinical evaluation is frequently limited in the acute multiple trauma scenario. Ocular trauma scoring systems have been developed to predict visual outcome and prioritise ocular management within a multisystem trauma patient. Ocular imaging has a major role in collecting clinical data, especially in the unconscious patient.
What this study adds K A preliminary CT scan can give us clinically useful information in ocular trauma patients. An eye which is intact on CT scan is unlikely to have a penetrating injury and immediate surgical intervention is probably not required. The presence of intraocular air on CT imaging is highly suggestive of serious injury.
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